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Background: Kearns-Sayre syndrome (KSS) is a rare mitochondrial cytopathy, first described 
at Mayo Clinic in 1958. 

Aims: We aimed to define patient and disease characteristics in a large group of adult and 
pediatric patients with KSS. 

Methods: We retrospectively searched the Mayo Clinic medical index patient database for the 
records of patients with KSS between 1 976 and 2009. The 35 patients identified with KSS were ana- 
lyzed in terms of demographic characteristics, presenting signs and symptoms, diagnostic features, 
clinical evolution, and associations between disease features and the development of disability. 
Results: The mean (standard [SD]) age at KSS presentation was 17 (10) years, but the mean 
age at diagnosis was 26 (15) years. Ophthalmologic symptoms developed in all patients, and 
neurologic and cardiac involvement was common. Only four patients (11%) in the series died 
but all deaths were from sudden cardiac events. The development of physical disability was 
significantly associated with cognitive decline (P=0.004) but not with other clinical features, 
such as sex or sudden cardiac death. 

Conclusion: We report the largest case series to date of patients with KSS from a single institution. 
In addition to the conduction system abnormalities identified in previous series, our cohort 
included patients with syncope and sudden cardiac death. This underscores the need to consider 
formal electrophysiologic studies and prophylactic defibrillators in patients with KSS. 
Keywords: heart block, mitochondrial diseases, ophthalmoplegia, retinitis pigmentosa 

Introduction 

Kearns-Sayre syndrome (KSS) is a rare mitochondrial cytopathy, first described at 
Mayo Clinic in 1958. 1 KSS belongs to a group of mitochondrial DNA (mtDNA) dele- 
tion syndromes that also includes Pearson syndrome and progressive external ophthal- 
moplegia (PEO). 2 Classically, KSS has a triad of features, including presence of PEO, 
pigmentary retinopathy, and an age of onset younger than 20 years. 1,3,4 Additionally, 
one or more of the following features must be present to make the diagnosis of KSS: 
1) heart block, 2) cerebellar ataxia, or 3) increased cerebrospinal fluid (CSF) protein 
level (> 100 mg/dL). 1,3,4 Patients with PEO who meet some, but not all, of the criteria 
for KSS have been termed as having "KSS minus" or "PEO plus". 2 

Although the diagnosis of KSS is based on clinical criteria, confirmation with 
muscle biopsy and genetic testing is now routine. 3 Muscle biopsy reveals charac- 
teristic "ragged red fibers" on trichrome stain and hyperactive fibers with succinate 
dehydrogenase stain. 3 In terms of genetic testing, most patients with KSS have large 
(1.3-10 kb) mtDNA deletions. 2,3 
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Treatment of KSS includes monitoring for the 
development of ophthalmologic manifestations and, if 
present, consideration of their surgical management. Many 
patients are given supplements, such as coenzyme Q10. 5 
Current guidelines recommend permanent pacemaker 
implantation for patients with neuromuscular diseases with 
atrioventricular block, and this includes KSS. 6 

Clinically, KSS is a heterogeneous neurodegenerative 
syndrome involving the musculoskeletal, central nervous, car- 
diovascular, and endocrine systems. The current literature on 
KSS primarily consists of case reports or small case series that 
use clinical diagnostic criteria. In the case series, ptosis, oph- 
thalmoplegia, and cricopharyngeal dysphagia are commonly 
recognized symptoms. 7 Onset of disease usually occurs in 
childhood, with death commonly reported in early adulthood. 2 
Published case series of patients with mitochondrial diseases 8,9 
have included patients with KSS. The largest case series to date 
incorporated 136 patients with large-scale mtDNA deletions 
and included 33 Japanese adults and children with KSS. 10 This 
study found an inverse association between the length of the 
deletion and the age at which KSS was diagnosed. Despite 
these existing studies, KSS remains a difficult syndrome to 
recognize because of the variety of clinical manifestations 
and the lack of any large case series to date. 

Because KSS is rare, an accurate description of its phe- 
notype is needed for clinicians to recognize the syndrome. 
Therefore, we endeavored to report a large case series of 
patients with KSS. Our objective was to characterize these 
patients with KSS in terms of their demographic character- 
istics, presenting signs and symptoms, diagnostic features, 
clinical evolution, and associations between disease features 
and the development of disability. 

Methods 

Study design and participants 

The study cohort was identified by using the previously 
validated medical index database at Mayo Clinic, Rochester, 
Minnesota. 11 The database classified patients with KSS using 
an internal coding system based on the Hospital Adaptation 
of the International Classification of Diseases, Eighth 
Revision. 11 Additional searches, using alternative coding 
systems such as systematized nomenclature, were completed 
and revealed no additional cases. This computerized medi- 
cal record search of patients seen from 1976 through 2009 
identified 37 patient cases. One of the identified patients had 
a family history of KSS but no personal diagnosis of the 
syndrome and was therefore excluded. A second patient did 
not provide consent to use his medical records for research 
and was also excluded. Therefore, 35 cases were used for data 



collection in this study. All patients included had a diagnosis 
of KSS documented in the medical record. This study was 
approved by the Mayo Clinic Institutional Review Board. 

Data collection and analysis 

All data were extracted from the medical record by one 
reviewer (SK). All diagnoses of KSS were confirmed by 
examining patients' medical records for the triad of PEO, 
pigmentary retinopathy, and an age of onset younger than 
20 years. 1,3,4 Additionally, one or more of the following were 
required for the diagnosis of KSS: 1 ) heart block, 2) cerebellar 
ataxia, or 3) increased CSF protein level (>100 mg/dL). 1,3,4 
Additional abstracted data included patient demographic 
characteristics (sex, age at diagnosis, family history of KSS, 
and family history of any mitochondrial disorder); diagnostic 
features (presence of an mtDNA mutation, muscle biopsy 
results, and protein concentrations in the CSF); major pre- 
senting symptom leading to the diagnosis of KSS; laboratory 
studies at diagnosis (hematocrit, leukocyte count, platelet 
count, and levels of hemoglobin, creatinine, calcium, aspar- 
tate aminotransferase, creatinine kinase, serum lactate, and 
pyruvate); relevant clinical features that developed during fol- 
low up (ophthalmologic, neurologic, or endocrine); mortality; 
cardiovascular symptoms (syncope, dilated cardiomyopathy, 
cardiac arrest, pacemaker implantation, pacemaker indication, 
and sudden cardiac death); and electrocardiographic (ECG) 
abnormalities (heart block, conduction delay, axis deviation, 
and preexcitation). Additionally, the severity of KSS was rated 
by whether the patient was independently ambulatory or used 
a gait aid or wheelchair. This method was modified from the 
Kurtzke Expanded Disability Status Scale. 12 

Statistical analysis 

Continuous data were reported as mean (standard devia- 
tion [SD]), and discrete data were reported as number of 
patients (%). Associations between severity of KSS (ambulatory 
versus [vs] use of gait aid or wheelchair) and patient charac- 
teristics (sex and confirmation of KSS diagnosis), presence 
of a genetic mutation, presence of a muscle defect on biopsy, 
presence of deafness, presence of cognitive decline, and death 
were determined using a two-tailed Fisher's exact text. P<0.05 
was considered statistically significant. Statistical analyses were 
conducted using SAS (SAS Institute Inc., Cary, NC, USA). 

Results 

Patient characteristics 
and diagnostic features 

Disease characteristics for each patient are shown in 
Table 1. Patient characteristics and diagnostic features are 
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Table I Patient disease characteristics 



Pt/sex/age at presentation/ 


Method of 


Follow 


Death 


PEO 


Pigmentary 


Heart 


Cerebellar 


CSF protein 


age at diagnosis (yrs) 


diagnosis 


up (yrs) 






retinopathy 


block 


ataxia 


(mg/dL) 


1 /M/ 10/10 


Muscle biopsy 


1 


N 


Y 


N 


N 


N 




2/F/36/38 


mtDNA 


8 


N 


Y 


N 


N 


N 




3/M/I6/I7 


mtDNA 


2 


N 


Y 


Y 


Y 


N 




4/M/IS/I6 


Clinical 


4 


N 


Y 


Y 


N 


N 




5/M/20/S9 


mtDNA 


17 


N 


Y 


Y 


Y 


N 




6/M/9/9 


mtDNA 


17 


N 


Y 


Y 


N 


Y 




7/F/?/62 


Clinical 


13 


N 


Y 


N 


N 


N 




8/M/I7/35 1 


mtDNA 


7 


Y 


Y 


N 


Y 


N 




9/F/9/9 


Muscle biopsy 


7 


N 


Y 


Y 


N 


Y 




I0/M/I4/I4 


mtDNA 


4 


N 


Y 


Y 


N 


N 




1 1 /M/ 18/18 


mtDNA 


17 


N 


Y 


Y 


Y 


N 




l2/M/?/33 


Clinical 


19 


N 


Y 


Y 


Y 


N 




1 3/M/39/4S 


Clinical 


1 


N 


Y 


N 


N 


Y 




I4/F/2/9 


mtDNA 


4 


N 


Y 


Y 


Y 


Y 


177 


IS/F/7/43 


Muscle biopsy 


7 


N 


Y 


N 


N 


Y 




I6/M/I0/I7 


Muscle biopsy 


7 


N 


Y 


Y 


N 


N 




l7/F/?/27 


mtDNA 


25 


N 


Y 


Y 


N 


Y 




I8/M/I/I3 


Clinical 


1 


N 


Y 


N 


N 


Y 




I9/F/26/42 


mtDNA 


15 


Y 


N 


Y 


N 


Y 


33 


20/M/22/40 


Clinical 


5 


N 


Y 


Y 


Y 


N 


97 


2I/M/2I/34 


mtDNA 


4 


N 


Y 


Y 


N 


N 




22/M/29/3S 


Clinical 


10 


N 


Y 


Y 


N 


N 




23/M/ 15/20 


Clinical 


24 


N 


Y 


Y 


Y 


Y 




24/M/I0/I6 


Clinical 


10 


N 


Y 


Y 


Y 


N 




2S/M/?/35 


Clinical 


31 


N 


Y 


Y 


Y 


N 




26/M/l/l 1 


Clinical 


1 


N 


Y 


Y 


N 


Y 




27/F/9/2S 


Muscle biopsy 


12 


N 


Y 


Y 


N 


Y 


266 


28/M/I/I7 


Clinical 


25 


N 


Y 


Y 


N 


N 




29/M/9/I6 


Clinical 


1 


N 


N 


Y 


N 


N 




30/M/S/I2 


Clinical 


10 


N 


Y 


Y 


Y 


Y 




3I/M/8/I0 


Clinical 


3 


N 


Y 


Y 


N 


N 




32/F/J/I8 


Clinical 


31 


Y 


Y 


Y 


N 


Y 


37 


33/F/40/40 


Muscle biopsy 


13 


Y 


Y 


N 


N 


Y 




34/M/30/33 


Muscle biopsy 


6 


N 


Y 


N 


N 


Y 




3S/F/20/4I 


mtDNA 


15 


N 


Y 


Y 


N 


Y 





Note: a AII patients were white, except for patient 8, who was African American. 

Abbreviations: CSF, cerebrospinal fluid; F, female; M, male; mtDNA, mitochondrial DNA; PEO, progressive external ophthalmoplegia; Pt, patient; ?, unknown; .... no data; 
yrs, years. 



shown in Table 2. Most patients (28 [80%]) had available 
information in the chart to confirm the treating physicians' 
diagnosis of KSS, based on accepted criteria. u - 4 Most patients 
were male (24 [69%]), and all patients were white except for 
one, who was African American. The mean (SD) age at KSS 
presentation was 17(10) years, but the mean age at diagno- 
sis was 26 (15) years. The mean duration of follow up was 
10.8 (8.7) years. None of the patients had a documented fam- 
ily history of KSS, although one patient had a family member 
with mitochondrial encephalomyopathy, lactic acidosis, and 
strokelike episodes (MELAS syndrome). Additionally, one 
patient had a sister with ataxia without a formal diagnosis 
of a mitochondrial disorder. 

Fifteen patients (43%) underwent genetic testing for an 
mtDNA mutation consistent with KSS, and abnormalities 



were found in 12 of these (80%). Muscle biopsy was 
performed in 17 patients (49%), 15 (88%) of whom had 
results consistent with a mitochondrial myopathy. CSF was 
tested in only five patients (14%), which showed an increased 
protein value in only two. In the 16 patients who had no 
genetic or muscle testing, the diagnosis of KSS was made on 
a clinical basis only; in general, these patients were older. 

Major presenting signs or symptoms 

Analysis of the major presenting signs and symptoms leading 
to the diagnosis of KSS (Table 2) showed that most patients 
(22 [63%]) initially had an abnormality of the ophthalmologic 
system. Of these ophthalmologic presenting symptoms, pto- 
sis was the most common (16 [46%]); the other six patients 
had retinal pigment in the characteristic "salt and pepper" 13 
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Table 2 Patient characteristics and presenting symptoms 



Characteristic No of patients (%) 
(N=35) 

Demographic features 

Male 24 (69) 

Symptom onset before age 20 years 19 (54) 

Family history of any mitochondrial disorder I (3) 

Family history of KSS 0 (0) 

KSS criteria documented in medical record 28 (80) 

Presenting symptom" 
Ophthalmologic 

Ptosis 16(46) 

Other visual disturbance 6(17) 
Neurologic 

Weakness 4(11) 

Ataxia I (3) 

Hearing loss I (3) 
Endocrine 

Delayed puberty I (3) 

Single symptom, not specified 6(17) 



Note: a Major presenting symptoms leading to the diagnosis of KSS. 
Abbreviation: KSS, Kearns-Sayre syndrome. 

distribution (three patients), diplopia (two patients), and 
decreased vision (one patient). Neurologic symptoms 
were the next most common (six [17%]), which included 
nonspecific weakness (four), ataxia (one), and hearing loss 
(one). In one patient (3%), delayed puberty was the initial 
symptom of KSS. 

Laboratory studies at diagnosis 

At the time of KSS diagnosis, no significant abnormalities 
were found in the hemoglobin, hematocrit, leukocyte count, 
platelet count, or creatinine, calcium, or aspartate aminotrans- 
ferase levels in any of the patients tested. However, four of 
the 20 patients with data available had small increases in 
creatinine kinase value. Serum lactate levels were increased 
(normal <2.3 mmol/L) in six of 18 patients (33%) at diagno- 
sis, with only one patient having a level higher than 5 mmol/L. 
Six of 13 patients (46%) had increased pyruvate levels. 

Clinical features developing 
during follow up 

Clinical features developing during follow up are described 
in Table 3. Only four patients (1 1%) died during the study 
period (average duration of follow-up of 10.8 years). The 
mean (SD) age at death was 46 (23) years, and all patients 
died of sudden cardiac death. 

An ophthalmologic abnormality developed in all patients 
as a part of their KSS. PEO was present in 3 1 patients (89%), 
and ptosis developed in 30 (86%), 17 of whom underwent 
surgery for ptosis at least once. Pigmentary retinopathy 
(25 [71%]) and visual loss (ten [29%]) were also noted. 



Table 3 Clinical and cardiovascular features and ECG abnor- 



malities developing during follow up 

Feature No of patients (%) 
(N=35) 

Clinical features 

Death 4(11) 

Ophthalmologic 

External ophthalmoplegia 3 1 (89) 

Ptosis 30 (86) 

Ptosis surgery 1 7 (49) 

Pigmentary retinopathy 25 (71) 

Visual loss 10(29) 

Neurologic 

Weakness 27 (77) 

Ataxia 1 6 (46) 

Dysphagia II (31) 

Cognitive decline II (31) 

Deafness 14(40) 

Dysarthria 5(14) 

Seizure disorder 5(14) 
Endocrine 

Diabetes mellitus 5(14) 

Hypothyroid 3 (9) 

Adrenal insufficiency 2 (6) 
Cardiovascular features 

Syncope 6(17) 

Dilated cardiomyopathy 6(17) 

Previous cardiac arrest 5(14) 

Sudden cardiac death 4(11) 

PPM/ICD II (31) 
PPM/ICD indication 

Bradycardia 2(18) 

High-grade heart block 4 (36) 

Bradycardia with heart block 2(18) 

Wide QRS I (9) 

Unclear indication 2(18) 
ECG changes 

Heart block II (31) 

First-degree 7 (64) 

Second-degree type II 2(18) 

Second-degree type I I (9) 

Third-degree I (9) 

Conduction delays 23 (66) 

Intraventricular conduction delay 12 (52) 

Right bundle branch block 5 (22) 

Fascicular block 4(17) 

Left bundle branch block 2 (9) 

Axis deviation 1 0 (29) 

Left 8 (80) 

Right 2 (20) 

Preexcitation (Wolff-Parkinson-White) 2 (6) 



Notes: The denominator for the percentages under PPM/ICD indications is the total 
number of PPM/ICDs implanted (N= I I ). The denominator for the percentages of the 
types of heart block is N= I I . The denominator for the percentages under conduction 
delays is N=23. The denominator for the percentages under axis deviation is N= 1 0. 
Abbreviations: ECG, electrocardiographic; PPM/ICD, permanent pacemaker/ 
implantable cardioverter-defibrillator. 

After ophthalmologic findings, neurologic symptoms were 
the next most common. Weakness was found in 27 patients 
(77%), which varied from mild weakness to extreme debility. 
Other symptoms included ataxia, deafness, cognitive decline, 
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dysphagia, dysarthria, and seizure disorder. Endocrinopathies 
included diabetes mellitus, hypothyroidism, and adrenal 
insufficiency. Additional clinical features in patients with 
KSS were short stature (ten [9%]), developmental delay 
(four [1 1%]), and encephalopathy (two [6%]). 

Cardiovascular features 
developing during follow up 

Cardiovascular features that developed during follow up 
(Table 3) included syncope and dilated cardiomyopathy as 
the most frequently described symptoms (six patients each 
[17%]). One patient died of heart failure, and five (14%) had 
survived a previous cardiac arrest. One patient was known 
to have congenital heart disease. 

Permanent pacemaker/implantable cardioverter-defibrillator 
(PPM/ICD) devices were implanted in eleven patients (31%). 
The indications for PPM/ICD placement included high-grade 
heart block, bradycardia, a combination of heart block and 
bradycardia, and widening of the QRS complex. The indication 
was unclear for two patients ( 1 8%) . Importantly, the four patients 
who died all died of sudden cardiac death, and only one of these 
patients had a PPM/ICD in place. The other three patients had 
no prior ECG changes to indicate PPM/ICD placement. None- 
theless, one patient had prior syncope, and one patient had a 
previous cardiac arrest and ventricular arrhythmias. 

ECG changes developing over the patients' lifetimes are 
shown in Table 3 . Heart blocks (eleven [3 1 %]) included first 
degree, second degree type I, second degree type II, and third 
degree. Conduction delays occurred in 23 patients (66%), 
and ten patients (29%) had an axis deviation. Preexcitation 
in the form of Wolff-Parkinson- White syndrome was seen 
in two patients (6%), and two patients (6%) had a history of 
ventricular arrhythmias. 

Associations between disability 
and clinical features 

At their last visit to Mayo Clinic, six patients (17%) used a 
wheelchair, and four (11 %) noted some gait instability requir- 
ing the use of a gait assist device. Two young adults noted 
that they were unable to work because of disease-related 
issues, including heart failure and fatigue. However, 25 of 
the patients in this study (71%) had no disability from the 
mitochondrial myopathy. 

Statistical analysis indicated that the presence of dis- 
ability, defined as the use of a gait aid or wheelchair, was 
associated only with cognitive decline (P=0.004). There were 
no statistically significant associations between disability 
and patient sex, diagnosis, genetic defect, muscle defect, 
deafness, or sudden cardiac death (Table 4). 



Table 4 Associations between clinical features and development 
of disability 



Clinics! feature 


Need for gait aid 


P-value a 




or wheelchair 






No 


Yes 




Sex 






0.69 


Male 


18 


6 




Female 


7 


4 




Diagnosis 






0.38 


KSS 


21 


7 




KSS minus 


4 


3 




Genetic defect 






>0.99 


Present 


9 


3 




Unknown/absent 


16 


7 




Muscle defect 






0.47 


Present 


1 1 


6 




Unknown/absent 


14 


4 




Deafness 






0.70 


Present 


1 1 


3 




Absent 


14 


7 




Cognitive decline 






0.004 


Present 


4 


7 




Absent 


21 


3 




Sudden cardiac death 






0.56 


Present 


2 


2 




Absent 


23 


8 





Note: a Fisher's exact test. 

Abbreviation: KSS, Kearns-Sayre syndrome. 



Discussion 

To our knowledge, this is the largest case series of patients 
with KSS. We found that patients with KSS all had oph- 
thalmologic symptoms and commonly had neurologic and 
cardiac involvement. This finding is consistent with current 
diagnostic criteria for KSS. 1,3 - 4 However, the findings of this 
study, may dispute some commonly held beliefs regard- 
ing KSS, including lack of certain diseases or laboratory 
associations, and longevity beyond middle adulthood. 
Only four of 35 patients in our series died (1 1%), but all 
deaths were from sudden cardiac events. Although most 
of these patients had no ECG changes to indicate the need 
for PPM/ICD placement, our findings support previous 
recommendations to carefully consider the placement of 
such devices in patients with KSS. Finally, we found that 
the development of physical disability (need for a gait aid 
or wheelchair) was significantly associated with cognitive 
decline but not with other clinical features, such as sex or 
sudden cardiac death. 

All the patients in our study had eye involvement. 
Extraocular muscles have a high energy requirement, and 
mitochondria make up approximately 60% of the cell volume 
in eye muscles. 8 Not surprisingly, the most common visual 
abnormality identified in our study was ophthalmoplegia, 
followed by ptosis and pigmentary retinopathy. Additionally, 



International Journal of General Medicine 2014:7 



submit your manuscript | www.dovepress.com 
Dovepress 



329 



Khambatta et al 



Dovepress 



the characteristic "salt and pepper" retinopathy was detected 
in a majority of patients. On the basis of these findings, we 
believe that the diagnosis of KSS should be considered in all 
young patients with these ocular and visual symptoms. 

Our study also demonstrated frequent cardiovascular 
involvement in adults with KSS. The extent of cardiac 
abnormalities varied from ECG changes to high-grade 
heart block, cardiomyopathy, and cardiac arrest. Previous 
studies have noted the presence of cardiac conduction 
system abnormalities in patients with KSS. 1415 Moreover, 
exercise intolerance has been described in patients with 
mitochondrial myopathies, including KSS. 16 Less than 
half the patients (eleven [31%]) received a PPM/ICD as 
prophylactic treatment for the indications of bradycardia or 
heart block. All of the patients who died in this series suc- 
cumbed to sudden cardiac death, and only one of these four 
patients had received a prophylactic PPM/ICD. Nonetheless, 
the other three patients had no ECG changes or symptoms 
indicating a need for PPM/ICD. In the general adult popu- 
lation, the overall incidence of sudden cardiac death has 
been estimated at 0.1% to 0.2% per year. 17 Findings from 
the current study confirm the results from previous studies 
regarding progressive heart block in patients with KSS, 9 - 1415 
support previous calls to consider routine prophylactic 
PPM/ICD placement in patients with KSS, and possibly 
suggest a low threshold for formal electrophysiologic test- 
ing in these patients. 

Previously published case series have included patients 
with KSS. Yamashita et al 10 described 136 patients with 
mtDNA deletions. Using the diagnostic definition of Rowland 
et al, 4 they found that 33 (24%) of these patients met the cri- 
teria for KSS. Deafness, short stature, and insulin-dependent 
diabetes mellitus were all frequently observed. All patients 
were younger than 20 years at diagnosis and had PEO. They 
also noted that patients with KSS had significantly longer 
DNA deletions and more deleted mitochondrial transfer (t) 
RNA than other patients in the series. In contrast to that case 
series, our study used the treating physician's diagnosis rather 
than a retrospective application of criteria in patients with 
a positive genetic test. Therefore, the patients we describe 
with the clinical diagnosis of KSS were more heterogeneous, 
including some with disease presentation after age 20 years 
and without PEO or pigmentary retinopathy. 

Our findings dispute several commonly held beliefs 
about patients with KSS. First, the existing diagnostic 
criteria require that patients have symptom onset before 
age 20 years, and it is commonly believed that patients 
with KSS die in early adulthood. However, seven patients 



(20%) were older than 20 years at disease presentation, and 
only four (1 1%) died, at a mean age of 46 years, during the 
study time frame (mean follow up of 10.8 years). Potential 
explanations for the finding of diagnosis after age 20 years 
include recall bias, insidious onset of symptoms, or that 
milder disease may present at an older age. Second, anemia 
has previously been noted as a feature of KSS but was not 
a predominant feature of patients in our study. 18 Third, KSS 
has been associated with several endocrine disorders. 19 In 
this series, we identified patients with short stature, delayed 
puberty, diabetes mellitus, and hypothyroidism. However, 
hyperaldosteronism and hypoparathyroidism, which have 
been reported in previous studies, 19 were not observed in 
our cohort of patients. 

We found that the development of disability in patients 
with KSS is statistically associated with cognitive decline 
but not with other clinical features, such as sex or sudden 
cardiac death. It is probably expected that cognitive decline 
and disability would coexist. This study may not have 
been adequately powered to detect additional associations. 
Nevertheless, the lack of association between disability 
and other clinical features may be reassuring to patients 
with KSS. 

Defects in mtDNA have been described in patients with 
KSS. A single mtDNA mutation can result in the expression 
of multiple phenotypes. 20 Indeed, we found that multiple 
phenotypes (ranging from mild to severe disease) were pres- 
ent with the same mtDNA mutation. Additionally, mtDNA 
deletions generally occur de novo and thus, usually cause 
disease in only one family member. 2021 This observation 
was supported by our study - no patient in this series had a 
family history of KSS. 

Ophthalmoplegia caused by mitochondrial abnormali- 
ties represents a heterogeneous group of illnesses, which 
has given rise to the concept of "ophthalmoplegia plus". 22 
Moreover, the original diagnostic criteria for KSS were based 
on a limited number of cases. 1,3,4 Phenotypic designations 
such as KSS remain useful tools for clinicians to recognize 
disease. Categorization of patients by signs and symptoms 
may allow treating clinicians to better predict prognosis and 
response to treatment on the basis of similar cases in the 
literature. Keeping the designation of KSS may help to alert 
the physician that cardiac conduction defects may occur and 
lead to earlier intervention. 

The link between the phenotypic presentation and under- 
lying pathophysiology in KSS is advancing. For example, it 
is now known that ragged-red fibers seen on muscle biopsy 
indicate a combined defect of respiratory complexes I and IV 23 
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Moreover, mitochondrial disorders of other complexes or of 
only I or IV do not generally produce ragged-red fibers. In addi- 
tion, the brain development Engrailed genes are important in 
protecting neurons against mitochondrial dysfunction. 24 Novel 
mtDNA deletions are being discovered and suggest that these 
deletions play a role in the pathogenesis of KSS. 25 - 26 Constant 
advances in biochemical markers and expanding genotypes of 
mitochondrial disorders make diagnosis a challenge. 27 

This study had limitations. First, it was conducted at a 
single institution, which may limit external validity; further, 
only 35 patients were identified; with a larger sample size, 
potentially more associations between patient disability and 
clinical features may have been discovered. Second, in retro- 
spective review, not all patients in the cohort had documented 
evidence in the chart to fulfill all diagnostic criteria for KSS. 
However, this may have been due to incomplete information 
in the chart or the patient having KSS minus or PEO plus. 2 
We were able to confirm a clinical diagnosis of KSS in 27 of 
the 35 patients based on information in the chart. This may 
explain why only ten patients had short stature and why some 
patients were older than 40 years. We included all cases (35) 
in which the treating physician documented their clinical 
diagnosis of KSS in the medical record. Finally, since some 
of the cases included in the series are decades old, some 
may not have had the genetic testing, metabolic studies, or 
muscle biopsy that are now standard because the tests were 
not available at the time. 

Conclusion 

We report, to our knowledge, the largest case series of 
patients with KSS from a single institution. We found that 
consistent with the major criteria for diagnosis, ophthal- 
mic involvement presents in most patients at a young age. 
However, many patients in this series (20%) were older than 
the suggested cutoff of 20 years at diagnosis and, contrary 
to common belief, most lived beyond middle adulthood. 
Additionally, we failed to confirm the prevalence of anemia, 
hypoadrenalism, and hypoparathyroidism in patients with 
KSS, as had been suggested by previous research. In addition 
to the conduction system abnormalities that were identified 
in previous series, our cohort included patients with syncope 
and sudden cardiac death, which underscores the need to 
consider formal electrophysiologic studies and prophylactic 
defibrillators in these patients. 
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